Within the IEB framework, the Chair of Energy Sustainability promotes research into the production, supply and use of the energy needed to maintain social welfare and development, placing special emphasis on economic, environmental and social aspects. There are three main research areas of interest within the program: energy sustainability, competition and consumers, and energy firms. The energy sustainability research area covers topics as energy efficiency, CO2 capture and storage, R+D in energy, green certificate markets, smart grids and meters, green energy and biofuels. The competition and consumers area is oriented to research on wholesale markets, retail markets, regulation, competition and consumers. The research area on energy firms is devoted to the analysis of business strategies, social and corporative responsibility, and industrial organization. Disseminating research outputs to a broad audience is an important objective of the program, whose results must be relevant both at national and international level.
INTRODUCTION
The agreement reached at the Paris Summit to hold the increase in the global average temperature to below 2 ºC poses significant challenges for the energy sector (UNFCCC, 2015) . In the case of the European Union, its 2020 and 2030 energy and environmental objectives had already alerted the sector to the need for significant technological change. Indeed, European Commission reports conclude that achieving emission reductions, including the incorporation of renewable energy sources, and improving energy efficiency will only be possible through innovation and technological development in the energy sector (EC, 2010; EC, 2014).
However, perhaps the main challenge facing the energy sector is adapting to climate change policies without compromising security of supply, a challenge that requires new efforts in R&D and innovation (IEA, 2016) . Yet, the shortfall in energy R&D is of particular concern when seen in the light of the major technological challenges that face the sector (GEA, 2012; Costa-Campi et al., 2015a; Eurelectric, 2013). The development and integration of renewables to combat climate change and the making of advances in energy storage, carbon capture and storage, smart grids, smart meters and energy efficiency are essential for an energy transition that does not endanger supply security. Investment in energy R&D is a critical issue in addressing the challenges posed by energy efficiency, the mitigation of climate change and boosting competitiveness (Anadon et al., 2011; OECD, 2011; Eurelectric, 2013; Jamasb and Pollit, 2015) .
However, while many reports and papers stress that the internal R&D of energy utilities remains low to meet these challenges, utilities are not the only sector investing in energy-related R&D. In fact, many other industries devote a share of their research expenditure to energy issues. , 2017) . The analysis of the determinants of R&D investment using industry-level data is frequent in the economics of innovation literature (Cohen, 2010) . Although the use of data at this level can give rise to certain limitations if compared to the use of firm-level data, the approach allows us to exploit the advantages of panel data models.
The rest of this article is structured as follows. The following section reviews the literature. The third section presents the model and the variables and describes the data.
The fourth section discusses the main results. The last section offers conclusions and presents some policy recommendations. internal R&D not to be a significant variable. In contrast, Cagno et al. (2015) show that the more innovative firms, with a higher level of internal R&D and making greater use of open innovation practices, are more energy efficient.
MODEL, VARIABLES AND DATA

Model and variables
To carry out the empirical analysis, we use the following model:
R&D it = β 0 + β 1 C it + β 2 S it + β 3 F it + β 4 P it + µ i + e it (1)
where R&D refers to business energy R&D expenditure and C, S, F and P are explanatory and control variables for R&D investment, in general, and for energy R&D, in particular.
In the first set of variables, C, we, first, include those control variables that have been considered determinants of general R&D expenditure at the industry-level (Cohen, 2010) . We use the amount of sales to control for demand and we also include the participation of foreign capital. Second, industries differ in their degree of energy intensity. These differences may have effects on decisions concerning specific expenditure in energy R&D.
The second variable, S, is the amount of products from manufacturing sectors acquired by firms of the sector "Electricity, gas, steam and air conditioning supply" (NACE Rev. given that according to the literature is likely to be significant.
The third set of variables, F, corresponds to innovations in energy efficiency, the other key factor that may account for energy R&D in non-energy industries. We specifically include the proportion of firms that attach great importance to the innovation objective of reducing their energy costs. In addition, we examine the effects of the importance attached to the innovation objective of preventing an environmental impact on investments in energy R&D.
Finally, we include a set of variables, P, to examine the effect of different policy instruments on the promotion of energy R&D. First, we consider public financing of business R&D. However, the amount of public subsidies specifically granted to energy R&D is not available and so, as a proxy, we have included total public support to business R&D. Second, we take into account the potential effects of energy taxes.
Finally, we include innovating with the objective of meeting environmental, health and safety regulatory requirements as a factor that may explain R&D expenditure in energy, particularly as regards environmental norms.
In addition to these explanatory variables, we also take into account in the estimations time-invariant and unobservable specific industry characteristics and time effects to control for cyclical change.
Data
In this paper, we use energy R&D investment at the industry-level for a set of (Table 1) , the leading two sectors are the same: electrical equipment manufacturers, and machinery and equipment manufacturers. Table 1 In addition to the limitations affecting the dependent variable, we also encountered difficulties obtaining information about the explanatory variables. In this paper, we have built a comprehensive dataset for 21 manufacturing sectors for the period 2008-2013 from five surveys conducted by the Spanish Institute of Statistics (see Table 2 [Insert Table 2 Third, we include three instruments of public policy -public subsidies to business R&D projects, energy taxes and meeting environmental, health and safety regulatory requirements -in the estimations that might be related to the energy R&D expenditure of manufacturing sectors. Our results suggest that only public funds have a positive relationship with R&D investment. Nevertheless, some caution is required here because of the lack of information regarding the number of subsidies addressed solely to energy R&D projects. Moreover, because of endogeneity concerns, these results should be interpreted principally as correlations and not necessarily as causal relationships.
Finally, by way of a robustness check, we have carried out a "placebo" test using as a dependent variable total R&D expenditure instead of R&D expenditure on energy. The results (last column of Table 3) show that sales, foreign capital and public R&D subsidies are statistically significant. Indeed, according to the literature, each of these variables is an explanatory factor of R&D expenditure. In contrast, the variable that captures intermediate consumption of utilities is not significant. As such, this estimation seems to indicate that some of the factors that account for investments dedicated specifically to energy R&D differ from those that account for investments in total R&D.
[Insert Table 3 around here]
CONCLUSIONS
The objective of this paper has been to contribute to the literature on energy economics by examining the drivers of energy R&D in non-energy industries. Although R&D is one of the main variables considered when analysing the economics of innovation, data constraints have substantially limited empirical analyses of investment in energy R&D by non-energy sectors.
To examine these drivers, we have compiled a database with information taken from several sources concerning innovation, energy and the economic characteristics of 
